Piease type a plus sign (+) inside this box | 4- 1 



n 

OC 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonprovistonal applications under 37 CFR 1 53(b)) 



Attorney Docket No. 



TI-27203 



PTO/SB/05 (2/98) 



First Named Inventor or Application Identifier 



Title 



Louis N. Hutter, et al. 



MERGED BIPOLAR AND CMOS CIRCUIT AN[g 
METHOD a,. 



Express Mail Label No 



EL255677865US 



in 



On Page 1 of the specification, before line 1, insert -This application claims priority under 
' 35 use § 11 9(e)(1) of provisional application number 60/079,444 filed 03/26/98.-- 



CM<T\ 



SO] 



APPLICATION ELEMENTS 

See MPEP Chapter 600 concerning utility patent application contents 



ADDRESS TO: 



Assistant Commissioner for Pateni 
Box Patent Application 
Washington, DC 20231 



Fee Transmittal Form (e.g , PTO/SB/17) 
(Submit an original, and a duplicate for fee processing) 

Specification /7 otaf Pages 
(preferred arrangement set forth below) 

- Descriptive title of the Invention 

- Cross References to Related Applications 

- Statement Regarding Fed sponsored R&D 

- Reference to Microfiche Appendix 

- Background of the Invention 

- Brief Summary of the Invention 

- Brief Description of the Drawings (if filed) 

- Detailed Description 

- Glaim(s) 

- Abstract of the Disclosure 



14 



□ 



Microfiche Computer Program (Appendix) 



Nucleotide and/or Amino Acid Sequence Submission 
(if ap plicable, all n ecessary) 



a. 



Computer Readable Copy 

Paper Copy (identical to computer copy) 

Statement verifying identical of above copies 



X 



Drawing(s) (35 USC d113) 



U Ota! Sheets 



4, Oath or Declaration [Total Pages 

Newly Executed (original or copy) 



13 



b. 



Copy from a prior application (37 CFR §1 .63(d)) 
(for continuation/divisional with Box 17 completed) 

[Note Box 5 below] 

□ DELETION OF INVENTORfS) 
Signed statement attached deleting inventor(s) 
named in the prior application, 
see 37 CFR §1 63(d)(2) and 1 .33(b). 



Incorporation By Reference (useable if Box 4b is checked) 
The entire disclosure of the pnor application, from which a copy of 
the oath or declaration is supplied under Box 4b, is considered as 
being part of the disclosure of the accompanying application and is 
hereby incorporated by reference therein 



ACCOMPANYING APPLICATION PARTS 



8. 
9. 

10. 
11. 
12. 
13. 
14. 

15. 
16. 



X 

IT 



Assignment Papers (cover sheet & Documents(s)) 



37 CFR S3 73(b) Statement 
(when there is an assignee) 



Power of 
Attorney 



English Translation Document (if applicable) 



1 



Information Disclosure 
Statement (IDS)/PTO-1449 

Preliminary Amendment 



Return Receipt Postcard (MPEP 503) 
(Should be specifically itemized) 



Copies of IDS 
Citations 



□ 



Small Entity 
Statement(s) 
(PTO/SB/09-12) 
Certified Copy of Priority Document(s) 
if foreign priority is claimed) 

Other 



Statement filed in prior application 
Status still proper and desired 



A new statement is required to be entitled to pay small entity fees, except 
where one has been filed m a prior application and is being raited upon 



17. If a CONTINUING APPLICATION, check appropriate box and supply the requisite information below and in a preliminary amendment: 
□Continuation QDivlsional DContinuation-in-part (GIF) of prior application No: / 

Prior application in formatior}: Examiner Group / Art Unit: 



18. CORRESPONDENCE ADDRESS 



□ 



Customer Number or Bar Code Label 



(Insert Customer No. or Attach bar code label here) or 



Con'espondence address below 



NAME 



Jacqueline J. Garner, Texas Instruments Incorporated 



ADDRESS 



PQ Box 655474, M/S 3999 



CITY 



Dallas 



STATE TX 



ZIP CODE 75265 



COUNTRY 



USA 



TELEPHONE 



(972) 278-9694 



FAX 



(972)917-4418 



Name (Print/Type) 



Signature 



Jacqueline J. Garner 




Registration No. (Attorney/Agent) 



Date 



36,144 



Cliiof Iiifornunon Officer, Pdteni aiid Trademark Office WjgmQgtoii, DC 2023 1 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO Assistant Commissioner for Patents, Box Patent Application, 
Washington, DC 20231 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of: 

Louis N. Hutter, et al. 
Serial No.: TBD 
Filed: 03/25/99 



Docket No.: TI-27203 
Examiner: TBD 
Art Unit: TBD 



For: 



MERGED BIPOLAR AND CMOS CIRCUIT AND METHOD 



PRELIMINARY AMENDMENT 



Assistant Commissioner 

For Patents 
Washington, DC 20231 



Mailing Label No. EL255677865US, 
Date of Deposit: March 25, 1999 



Dear Sir: 



Please amend the specification by inserting before the first line, the sentence: 

This application claims priority under 35 USC § 1 19 (e)(1) of provisional application 
number 60/079,444, filed 03/26/98. 



Respectfiilly submitted, 

Texas Instruments Incorporated /^^queline fr^amer 

P.O. Box 655474, MS 3999 "^Attorney for Applicant 

Dallas, Texas 75265 Reg. No. 36,144 
(972) 278-9694 
(972) 917-4418 Fax 



MERGED BIPOLAR AND CMOS CIRCUIT AND METHOD 

FIELD OF THE INVENTION 

This invention relates to semiconductor integrated circuits, and more 
specifically to integrated circuits that merge bipolar and CMOS technologies. 

BACKGROUND OF THE INVENTION 

Modem integrated circuits are typically based on either complementary- 
symmetry metal-oxide-semiconductor (CMOS) transistors or bipolar transistors. 
CMOS offers the advantages of a relatively inexpensive process, low power 
dissipation, and transistors that can be tightly packed and scaled. These features 
make CMOS a popular choice for very large scale digital integrated circuits such as 
those used in memory and microprocessor appUcations. Bipolar, on the other hand, is 
a preferred choice for analog applications because of its ability to provide high speed, 
high drive ciurent, and good noise margin. Additionally, bipolar transistor junctions 
provide smaller threshold voltage variations and are therefore often used as voltage 
references. 

So-called "BiCMOS" fabrication processes seek to offer the benefits of both 
transistor topologies on a single integrated circuit. BiCMOS processes in the past 
that have attempted to optimize both types of transistors have suffered fi-om high 
complexity and hence a much higher cost than a standard high-performance CMOS 
process. Recent trends in the semiconductor industry toward low-voltage circuits 
with high signal-to-noise ratios have brought a renewed focus to BiCMOS circuits. 

Performance has traditionally been commensurate with process complexity in 
BiCMOS circuits. Additional mask levels and dopant implant steps provided better 
isolation, latch-up protection, and superior bipolar performance. Figures la, lb, and 
Ic are examples of three prior art BiCMOS configurations described in "BiCMOS 
Technology and AppUcations", A.R. Alvarez, ed., Kluwer Academic Publ., 1989, pp. 
65-68. These figures illustrate the tjqjical performance/complexity tradeoff. The 
structure shown in Figure la is a so-called "n-well" CMOS process that incorporates a 
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simple npn bipolar transistor. The channels of MOSFET transistors in a typical 
CMOS circuit are often formed in doped regions known in the art as "wells". In 
Figure la, the p-channel MOSFET is formed in an n-well, whereas the n-channel 
MOSFET is formed in the p- epitaxial layer. "Twin-well" CMOS incorporates a p-well 
5 for the n-channel device to allow further optimization of the n-channel transistor's 
performance characteristics. Additional wells also simplify device isolation. 

In order to lessen the parasitic collector resistance and collector-base 
capacitance, more complex processes add a buried subcollector (n+) layer and 
substitute n-type epitaxial layers for the p- epi of Figure la. The buried layers help 
1 0 prevent latch-up, thereby allowing the use of a p- substrate rather than the p-i- 

substrate in Figure la. The bipolar transistor of Figure lb has superior performance 
^ characteristics over the structure of Figure la at the cost of the additional mask 
^ levels and implants for the buried layer and the deep n+ collector contact. The 
structure shown in Figure Ic is a high-performance twin-well BiCMOS circuit 

1 ^ ; requiring even more complex processing. 

W A need exists in the industry for a process for building efficient high-gain 

= bipolar transistors in a high-performance advanced CMOS process to produce 
W increased analog circuit performance and flexibility at a cost comparable to that of the 
CMOS process alone. 

SUMMARY OF THE E^VENTION 

In accordance with a preferred embodiment of the invention, there is disclosed 
a method for fabricating a BiCMOS integrated circuit. The method includes the steps 
of forming in a single implantation step a base region of a bipolar transistor and a p- 

2 5 well of an n-channel MOS transistor; and forming in a single implantation step a 

collector contact well of a bipolar transistor and an n-well of a p-channel MOS 
transistor. 

In accordance with another preferred embodiment of the invention, there is 
disclosed a bipolar transistor. The transistor includes a collector region of a first 

3 0 doping profile within a semiconductor substrate of lighter doping and a base region 
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between the collector region and a surface of the semiconductor substrate. The base 
region adjoins the collector region and extends to the svirface. An emitter region 
adjoins the base region and also extends to the surface. A collector contact well 
region adjoins the collector region and the base region, and extends to the substrate 
5 surface as well The well region has a doping profile characterized by doping 
concentrations lighter than doping concentrations of the first doping profile. 

An advantage of the inventive concepts is that a bipolar transistor can be 
fabricated using a twin- well CMOS process. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features of the present invention may be more fully understood 
fi:'om the following detailed description, read in conjunction with the accompanying 
yy drawings, wherein: 

iy Figures la, lb, and Ic are cross-sectional diagrams of prior art BiCMOS 

1 $^ ] structures; 

^ Figures 2a to 21 are cross-sectional diagrams of a first embodiment BiCMOS 

e; structure at various steps in a first embodiment process; 

| y Figure 3 is a plan view of the first embodiment structure of Figure 21, exclusive 

5 ^ of the metal layer 256; 

2 Figures 4a and 4b are cross-sectional diagrams of a second embodiment 
BiCMOS structure at two steps in a second embodiment process; 

Figure 5a is a spreading resistance plot of the emitter-base dopant profile of a 
bipolar transistor in the first embodiment BiCMOS structure; 

Figure 5b is a spreading resistance plot of the emitter-base dopant profile of a 

2 5 bipolar transistor in the second embodiment BiCMOS structure; 

Figures 6a and 6b are cross-sectional diagrams of a third embodiment BiCMOS 
structure at two steps in a third embodiment process; 

Figures 7a and 7b are cross-sectional diagrams of a fourth embodiment 
BiCMOS structure at two steps in a fourth embodiment process; and 

3 0 Figure 8 is a cross-sectional diagram of a fift;h embodiment BiCMOS structure 
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at a step in a fifth embodiment process. The cross-sectional diagrams described above 
show the bipolar, n-channel MOS, and p-channel MOS transistors adjacent one 
another to facilitate the description of process flows. Note that in practice the bipolar 
and MOS transistors may be in close proximity as shown, or alternatively, may be 
distributed over a semiconductor die. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A first preferred embodiment structure and process in accordance with the 
invention are described below with reference to Figtires 2a to 21. 

(a) Begin with a p-type substrate 200 doped to a concentration sufficient to 
produce a resistivity in the range of approximately 6 to 8 ohm-cm. The substrate can 
be a p- surface region of a siUcon wafer or a p- silicon epitaxial layer over a p+ surface 
region of a wafer, for example. In the latter case, the epitaxial layer thickness is 
preferably in the range of 10 to 20 um. 

(b) Grow an oxide layer (not shown) approximately 500 nm thick over the 
substrate and, using conventional photoresist processes, pattern the photoresist (not 
shown) for the formation of the buried layer 202. Implant antimony at a dose of 
2.0E15 at 60 keV, for example, followed by a 30 second drive at 1250 "C. Strip the 
oxide. This may be followed by an optional blanket boron implant at a dose of 6.0E12 
at 50 keV, for example, to improve the isolation between other nearby buried layer 
regions (not shown). Note that an optional blanket p-doped buried layer (not shown) 
can also be implanted. 

(c) Deposit p- epitaxial layer 204 using conventional processes. Layer 204 has 
a resistivity of approximately 6 to 8 ohm-cm and a thickness of approximately 3 um, 
for example. Diffusion of the buried layer dopants into the p- epitaxial layer 204 
results in the buried layer 202 being partially in the substrate 200 and partially in 
the epi layer 204. The doping profile of the buried layer 202 is characteristic of a 
heavy n-type impurity implant followed by a diffusion cycle and epi overgrowth. See 
Fig\u-e 2a. 

(d) Thermally grow a pad silicon oxide 206 approximately 20 nm in thickness. 
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Using low pressure chemical vapor deposition (LPCVD), for example, deposit an 
approximately 140 nm silicon nitride layer (not shown) over the pad oxide. Deposit 
and pattern photoresist (not shown) over the nitride layer to form the doped regions 
208 referred to hereinafter as the n-wells. After the patterning of the photoresist, 
remove the exposed portions of the nitride layer. Implant phosphorous at a dose of 
1.0E13 at 150 keV, then grow an approximately 400 nm thick n-well oxide 210. 
Remove the nitride layer (not shown) using hot phosphoric acid, for example. Implant 
boron at a dose of 6.0E12 at 50 keV using n-well oxide 210 as a self-aligning mask to 
form the doped regions 212 referred to hereinafter as the p-wells. Perform a high 
temperature drive at about 1100 °C for approximately 500 minutes to difRise the well 
dopants into the epi layer 204. The diffusion temperature and time produce a dopant 
profile in which the n-well 208 and the buried layer 202 adjoin together where the n- 
well is formed over the buried layer. The dopant profiles of the p-wells 212 are 
similar to one another because they are produced in the same implant and diffusion 
operations. The same is true of the n-wells 208. Note that the doping of the n-wells 
208 is fighter than that of the buried layer 202. See Figure 2b. 

(e) Strip the pad oxide 206 and n-well oxide 210. Grow a new pad oxide 214. 
Follow this with a new LPCVD nitride layer 216. Deposit photoresist (not shown) 
and pattern in preparation for forming the moat regions. Remove the portions of 
nitride layer 216 left exposed by the photoresist. See Figure 2c. 

if) Grow field oxide regions 218 to a thickness of approximately 620 nm using 
atmospheric or high-pressure standard local oxidation of sihcon (LOCOS) techniques, 
for example. See Figure 2d. 

(g) Remove the nitride layer 216 and pad oxide 214. Grow dummy gate oxide 
220. Deposit photoresist 222 and pattern in preparation for a threshold adjustment 
implant for the n-channel MOS transistor and the base 211 of the NPN bipolar 
transistor. Perform threshold adjust, punch-through block, and channel stop 
implants using boron at the following approximate doses and energies: 1.5E12 at 20 
keV, 4.0E12 at 70 keV, and 2.0E12 at 180 keV, respectively. These implants serve to 
set the channel and field threshold voltages for the n-channel MOS transistor. The 
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channel stop implant also augments the doping of the p-well 212, which acts as the 
base 211 of the npn bipolar transistor. See Figure 2e. Note that the n-channel 
threshold adjust, pimch-through block, and channel stop implants are referred to 
collectively hereinafter as the '"VTN" implants. 
5 (h) Remove photoresist 222. Deposit photoresist 224 and pattern in 

preparation for the threshold adjustment, punch-through, and channel stop implants 
(hereinafter the ^VTP" implants) for the p-channel MOS transistor. Perform 
threshold adjust, punch-through block, and channel stop implants using phosphorus 
at the following approximate doses and energies: 1.5E12 at 50 keV, 5.0E12 at 150 
10 keV, and 2.5E12 at 380 keV, respectively. These implants serve to set the channel 
and field threshold voltages for the p-channel MOS transistor. See Figure 2f. 

(i) Remove dxmimy gate oxide 220. Form gate oxide 226 by thermal oxidation, 
for example, to a thickness in the range of approximately 7 to 15 nm. Blanket deposit 
undoped polycrystalline silicon to a thickness of approximately 310 nm. Deposit 
IS;;: photoresist (not shown) and pattern to expose the n-channel MOS gate region. 
JB Perform a phosphorus implant at a dose of approximately 3.0E15 at 50 keV. Anneal 

the structure at about 900 °C for approximately 30 minutes. Remove the existing 
y photoresist and deposit another layer of photoresist (not shown) and pattern and etch 
Iz to form n-doped poly gate 228 for the n-channel MOS transistor and the undoped poly 
2 (fl gate 230 for the p-channel MOS transistor. See Figure 2g. Poly resistors, capacitor 
electrodes, and other passive components are also formed in this poly etching step. 
Note that the undoped poly gate 230, which is covered by photoresist for the 
phosphorus implant above, can optionally be n-doped as is poly gate 228, An undoped 
p-channel MOS gate results in a surface-channel transistor, whereas an n+ poly gate 

2 5 results in a buried-channel transistor. 

(j) Deposit photoresist 231 and pattern to expose the n-channel MOS 
transistor and the emitter and collector contact well 213 regions of the npn bipolar 
transistor. Perform a low-doped drain (LDD) implant in the n-channel MOS 
transistor source/drain moat regions 232, the NPN collector contact moat 234, and 

3 0 the npn emitter 236. The LDD implant is performed using phosphorus at a dose of 
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6.0E13 at 50 keV, for example. Form 200 nm sidewall spacers 237 of oxide or nitride 
on the polysilicon gates 228 and 230 using standard techniques. Perform an arsenic 
implant at a dose of approximately 3.0E15 at 120 keV followed by a phosphorus 
implant at a dose of 4.0E14 at 50 keV to finalize the source/drain regions 232, the npn 
5 collector contact 234, and the npn emitter 236. See Figure 2i. 

(k) Remove the existing photoresist 231 and deposit and pattern photoresist 
238 to expose the p-channel MOS transistor and the base region 211 of the npn 
bipolar transistor. Perform boron implant at a dose of 3.0E15 at 20 keV to form the 
source/drain moat regions 240 of the p-channel MOS transistor and the base contact 
1 0 242 of the npn bipolar transistor. Anneal at about 875 °C for approximately 35 
minutes. See Figure 2j. Note that the boron implant also dopes the previously 
undoped poly gate 230 of the p-channel MOS transistor. 

0 (1) Deposit a layer of oxide 244 approximately 100 nm in thickness to serve as 

1 J a silicidation mask. Deposit photoresist 246 and pattern to cover portions of the gate 
1 5i: J oxide layer 226 and silicidation mask oxide 244 stack at the edges of the emitter 

^ region 236 and over the field oxide regions 218 adjacent the emitter region. Remove 
£ the exposed gate oxide layer 226. See Figure 2k. 

Ill (m) Deposit titanium to a thickness of about 60 nm and heat at about 675 °C 

jj; for approximately 30 minutes to form self^aligned siHcide 250 over the p-channel 
2 MOS source/drain moat regions 240, the n-channel MOS source/drain moat regions 
232, the collector contact 234, the base region 242, the emitter region 236, and the 
poly gates 228 and 230. The absence of silicide at the periphery of the emitter 
reduces the chance of degraded gain (hfe) fi:'om recombination effects at the emitter 
edge that result from uneven silicide thickness or spiking at the bird's beak region. 

2 5 Note that an alternative method is to simply silicide the entire emitter region 236. 

(n) Deposit an oxide layer 252 of approximately 1 um thickness and planarize 
using resist etch-back techniques, for example. Deposit photoresist (not shown) and 
pattern to form contact vias to the source/drain contacts of the MOS transistors and 
to the base, emitter, and collector contacts of the npn bipolar transistor. Etch the 

3 0 oxide layer 252 to expose the underlying contact regions. Remove the photoresist and 
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fill the vias with TiW 254 followed by AlCu 256, for example. Alternative metal 
schemes include tungsten plugs followed by TiN/AlCu or entirely tungsten metal. 
Deposit photoresist and pattern to form desired interconnections in the metal layer. 
Remove the photoresist. See Figure 21. Apply subsequent interlevel dielectric and 
5 metal layers using conventional techniques. 

Figure 3 is a top or plan view of the npn bipolar transistor layout described 
above. The structure is shown exclusive of the metal layers 254 and 256 and is 
included here to show the spatial relationship of the various mask levels used in the 
embodiment processes. The outer bounds of the buried layer are indicated by the 
10 dashed line 300 in Figure 3 and corresponds to element 202 in the series of cross- 
sections of Figures 2a to 21. The n-well 208 in Figure 2 is shown as the annulus 302 
in Figure 3. The outer bounds of the collector contact n-moat 234 is shown as element 
1 304 in Figure 3. The outer bounds of the base contact p-moat 242 is shown as 
^ element 306 in Figure 3. The outer bounds of the emitter contact n-moat 236 is 
1 BJJ I shown in Figure 3 as element 308. The silicidation mask oxide 244 of Figure 2 is 
m shown as the annulus 310 in Figure 3. Finally, the outer bounds of the mask that 

may be used for threshold adjustment implants in the emitter region, described 
y hereinbelow in additional embodiments, is shown as element 312 in Figure 3. 
j ^ In a second preferred embodiment in accordance with the invention, shown in 

2 0 J Figures 4a and 4b, the masking of the VTN implants described in step (g) above and 
in Figure 2e is modified. Specifically, the photoresist mask 422 is modified to cover 
the emitter region 400 in addition to the n-wells 408 covered in the first embodiment 
process described above. As shown in Figure 4b, the portion of the p-well 412 beneath 
the emitter contact 436 is devoid of dopants fi-om the VTN implants, in contrast to the 

2 5 substantially uniform lateral base doping of the first embodiment. Consequently, the 

base doping is set solely by the p-well 412 doping level, resulting in a bipolar 
transistor with higher gain (hfe) than in the first embodiment process. The second 
preferred embodiment process is achieved with only a modification of an implant 
mask. An integrated circuit die that includes both types of bipolar transistor is 

3 0 therefore easily fabricated. Such an integrated circuit could therefore include a high 
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Hfe bandgap reference device (formed with the no-VTN implant npn transistor) as 
well as a higher Early voltage transistor (formed with the VTN implant npn 
transistor) as may be used in the output stage of an amplifier, for example. Figure 5a 
is a spreading resistance plot of a transistor fabricated in accordance with the first 
5 preferred embodiment process, which includes the base VTN implants, and Figure 5b ' 
is a result of a transistor fabricated in accordance with the second preferred 
embodiment process, which omits the VTN implants. A comparison of the two plots 
makes clear the effect of the threshold adjustment, punch-through, and channel stop 
implants. 

10 In a third preferred embodiment in accordance with the invention, the first and 

second preferred embodiment processes are modified as shown in Figures 6a and 6b. 
Specifically, the mask used for the VTP implants described in step (h) above and in 

2 Figure 2f is modified to expose the emitter region 600 in addition to the n-wells 608. 

Lj This modification involves the mask for the VTP implants, and hence may be used in 
1 5=J : conjunction with the second preferred embodiment process in which the modification 

M involves the masking for the VTN implants. Note that the third preferred 

embodiment could also be applied to the first preferred embodiment process. Figures 

y 6a and 6b show the effects of the third preferred embodiment process on a structure 

!^ that has been subjected to the second preferred embodiment process. In other words, 

2 0 J the emitter region 600 is devoid of dopants firom the VTN implants. Instead, the VTP 

implant results in an n-type region that extends deeper into the p-well 612 than the 
emitter 636 (shown in Figure 6b). As a result of these modifications, the bipolar 
transistor produced by the third preferred embodiment process has a higher gain 
than that produced by the second preferred embodiment process. 
25 A fourth preferred embodiment in accordance with the invention is shown in 

Figures 7a and 7b. In this embodiment the bipolar transistor is formed in an n-well 
700, rather than the p-well used in the first three embodiments described above. The 
base region 702 is formed with the VTN implants. The VTN implants counterdope 
the surface of n-well 700 to form the shallow (in the range of approximately 0.1 to 0.2 

3 0 um) base region. The shallow base width makes possible an npn transistor capable of 



TI-27203 -9- 



( 



higher operating speeds than the thicker-base embodiments described above where 
the base depth is set by the epi layer thickness. In addition, the use of a single set of 
implants for both the VTN implants and the base of the npn transistor saves a mask 
and the associated costs incmred in prior art approaches in which two different 
implant steps are used for the npn base and the threshold adjustment, channel-stop, 
and punch-through prevention implants of the n-channel MOS transistor. 

In Figure 7b, the emitter region 704 and base contact 706 are formed in the 
base region 702 as in the embodiments described above. The collector contact 708 is 
formed in n-well 700, which acts as the collector for the transistor. This process relies 
on modified masks for the n-well and VTN implants, but otherwise adds no 
complexity to the embodiment processes described above. The fourth preferred 
embodiment structure can also be arranged to occupy less die space than the first 
preferred embodiment structure, for example. The annular n-well 302 (element 208 
in Figures 2a to 21) used for isolating the base region 211 from the remainder of epi 
layer 211 in Figure 21 can be avoided with the implanted base approach of the fourth 
preferred embodiment structure, thus saving die space. 

A fifth preferred embodiment in accordance with the invention is shown in 
Figure 8. The structure of Figure 8 is similar to that of Figure 7b, except the buried 
layer 710 is omitted in Figure 8. The structure of Figure 8 provides an isolated 
vertical npn transistor that is manufacturable in standard CMOS processes, which 
typically lack the process steps involved in forming buried layers. 

While this invention has been described with reference to illustrative 
embodiments, this description is not intended to be construed in a limiting sense. 
Various modifications and combinations of the illustrative embodiments, as well as 
other embodiments of the invention, will be apparent to persons skilled in the art 
upon reference to the description. It is therefore intended that the appended claims 
encompass any such modifications or embodiments. 
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WHAT IS CLAIMED IS: 

1. A method for fabricating a BiCMOS integrated circuit, comprising the steps of: 

forming in a single implantation step a base region of a bipolar transistor and 
a p-well of an n-channel MOS transistor; and 

forming in a single implantation step a collector contact well of a bipolar 
transistor and an n-well of a p-channel MOS transistor. 

2. A method for fabricating a BiCMOS integrated circuit, comprising the steps of 

forming an n-type collector region within a semiconductor substrate of lighter 
doping; 

forming a plurality of p-type wells, at least one of said plurality of p-type wells 
forming a base region lying between said collector region and a surface of said 
semiconductor substrate, said base region adjoining said collector region and 
extending to said surface, and at least one of said plurality of p-type wells forming an 
n-channel MOS well; 

forming a plurality of n-type wells, at least one of said plurality of n-type wells 
forming a collector contact well lying between said collector region and said surface of 
said semiconductor substrate, said collector contact well adjoining said collector 
region and extending to said surface, further said collector contact well lying between 
said base region and said n-channel MOS well, and at least one of said plurality of n- 
type wells forming a p-channel MOS well; and 

forming an emitter region adjoining said base region, said emitter region 
extending to said surface. 

3. The method of Claim 2, farther including the step of implanting p-dopants into 
said p-type wells, excluding a portion of said base region adjacent said emitter region. 

4. The method of Claim 2, further including the step of implanting n-type dopants 
into said n-type wells and into a portion of said base region. 
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5. The method of Claim 4, further including the step of implanting n-tj^e dopants 
into said n-type wells and into a portion of said base region. 

6. A bipolar transistor, comprising: 

a collector region of a first doping profile within a semiconductor substrate of 
lighter doping; 

a base region between said collector region and a surface of said semiconductor 
substrate, said base region adjoining said collector region and extending to said 
surface; 

an emitter region adjoining said base region, said emitter region extending to 
said surface; and 

a well region adjoining said collector region and said base region and extending 
to said surface, said well region having a doping profile characterized by doping 
concentrations lighter than doping concentrations of said first doping profile. 

7. The transistor of Claim 6, wherein said base region is characterized by a 
substantially uniform lateral doping profile. 

8. The transistor of Claim 6, wherein said base region is characterized by a lighter 
doping concentration in a region adjacent said emitter region. 

9. A BiCMOS integrated circuit, comprising: 

(a) a bipolar transistor including a collector well contact region; and 

(b) a MOS transistor having source and drain contacts formed in an n-well 
region, said collector well contact region and said n-well region having substantially 
the same dopant profile. 

10. A BiCMOS integrated circuit, comprising: 

(a) a bipolar transistor including: 
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a collector region within a semiconductor substrate, said collector region 
having a first dopant profile; 

a base region between said collector region and a surface of said 
semiconductor substrate, said base region adjoining said collector region and 
5 extending to said surface, fixrther said base region having a second doping profile; 

an emitter region adjoining said base region, said emitter region 
extending to said surface; and 

a collector contact well region adjoining said collector region and said 
base region and extending to said surface, said collector contact well region having a 
10 third doping profile, said third doping profile characterized by lighter doping 
concentrations than said first doping profile; 

(b) an n-channel MOS transistor having source and drain contacts formed in a 
doped well region having said second doping profile; and 
l^^ (c) a p-channel MOS transistor having source and drain contacts formed in a 

1 5^^ well region having said third doping profile. 

,r 11. The integrated circuit of Claim 10, wherein said base region comprises a region of 
^\ lighter dopant concentration adjacent said emitter region. 
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ABSTRACT OF THE DISCLOSURE 



A method for fabricating a BiCMOS integrated circuit. The method includes 
the steps of forming in a single implantation step a base region 211 of a bipolar 
transistor and a p-well 212 of an n-channel MOS transistor; and forming in a single 
implantation step a collector contact well 213 of a bipolar transistor and an n-well 
208 of a p-channel MOS transistor. 
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